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ABSTRACT
Background: Virtual patients (VPs) are narrative-based educational activities to train clinical reasoning in a safe environment.
Our aim was to explore the influence of the design of the narrative and level of difficulty on the clinical reasoning process,
diagnostic accuracy and time-on-task.
Methods: In a randomized controlled trial, we analyzed the clinical reasoning process of 46 medical students with six VPs in
three different variations: (1) patients showing a friendly behavior, (2) patients showing a disruptive behavior and (3) a
version without a patient story.
Results: For easy VPs, we did not see a significant difference in diagnostic accuracy. For difficult VPs, the diagnostic accuracy
was significantly higher for participants who worked on the friendly VPs compared to the other two groups. Independent
from VP difficulty, participants identified significantly more problems and tests for disruptive than for friendly VPs; time on
task was comparable for these two groups. The extrinsic motivation of participants working on the VPs without a patient
story was significantly lower than for the students working on the friendly VPs.
Conclusions: Our results indicate that the measured VP difficulty has a higher influence on the clinical reasoning process
and diagnostic accuracy than the variations in the narratives.
Introduction
Virtual patients (VPs) provide a safe environment in which
students can practice clinical reasoning skills in their own
learning pace without harming patients.
Research has identified design aspects of VPs, that sup-
port clinical reasoning skills training. For example,
Huwendiek et al. (2009) elaborated in a focus group study
that aspects such as feedback on learners’ decision, appro-
priate media use, or authenticity of learner tasks are relevant
VP design principles to foster clinical reasoning training.
VPs are based on narratives, telling a patient's story with
textual information, dialogs and media elements in a scen-
ario in which the learner typically takes the role of the
responsible healthcare professional (Ellaway and Topps
2009). Narratives to engage learners are not only applied in
virtual patients, but in almost every part of healthcare edu-
cation, such as case-based learning or problem-based learn-
ing scenarios (Ellaway and Topps 2009).
Another important aspect that has to be considered
when creating and providing VPs to learners is an appropri-
ate level of difficulty for the target group (Posel et al. 2009).
In VPs, the influence of the narrative and the level of dif-
ficulty on the clinical reasoning process has not yet been
investigated in detail. For example, it is not clear how vary-
ing contextual information, such as the presentation of the
patient in a VP scenario, influences the clinical reasoning
process.
Outside the world of VPs, it has been shown that con-
textual factors in learning cases influence the clinical rea-
soning process of healthcare professionals. For example,
McBee et al. (2015) showed that residents experienced diffi-
culties with closure of a video-taped patient encounter
when patients showed an emotional volatile behavior.
Schmidt et al. (2017) implemented a study comparing
paper cases depicting patients with disruptive versus neu-
tral behavior. They discovered that the description of a
disruptive behavior led to lower diagnostic accuracy while
the time spent with the cases remained the same.
A recent study compared a written case presentation,
which had to be solved in individual study, with a video
presentation of a patient, which had to be solved in a
group discussion. The two groups did not differ in
Practice points
 The design of the patient representation influen-
ces the learners reasoning process.
 The difficulty of the virtual patient influences
diagnostic accuracy more than the design of the
narrative.
 Telling a patient’s story in a VP increases learners’
extrinsic motivation.
 The level of difficulty of VPs should be measured
rather than estimated by authors.
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diagnostic accuracy, but the video group was more effi-
cient (Linsen et al. 2017).
These studies show that the design of case narratives
influences the clinical reasoning process. However, the
interaction of learners with paper-based cases is different
from VP scenarios, which are nowadays an important elem-
ent of medical curricula.
Therefore, our aims were to investigate the influence of
the narrative, that is, the representation of a patient in VP
scenarios, and the measured level of difficulty on (1) diag-
nostic accuracy, (2) time on task and (3) the clinical reason-
ing process of medical students.
Methods
Participants
All final-year medical students at Ludwig–Maximilians–
Universit€at M€unchen were invited via the faculty's learning
management system and with an email to take part in this
study. Participants received a monetary compensation of 50
Euros after completing six virtual patients and filling out
two questionnaires. We obtained ethical approval for this
study from the Ethical Committee of the University of
Munich (No 17-122).
Design of virtual patients
We created six virtual patients in the VP system CASUS
(CASUS 2017) covering a variety of topics (Table 1). The VPs
consisted of 7–8 screen cards with an introduction of the
patient, history taking, physical exam, performed laboratory
or technical examinations, elaboration of the final diagnosis
and treatment.
We designed each VP in three different versions con-
cerning the patient representation in the narrative:
 Group FRIENDLY – A patient showing a neutral/friendly
behavior
 Group DISRUPTIVE – A patient showing a disruptive
behavior (Table 1)
 Group NOSTORY – No patient story is told.
In each version of the VP, we provided the same informa-
tion. In the groups FRIENDLY and DISRUPTIVE, the communi-
cation between the physician and the patient was presented
in a dialog format with a comparable amount of text.
In the group NOSTORY the patient’s problems were
described in bullet points, without using any dialog format,
which led to a shorter text than for group 1 and 2.
The following example taken from the VP Benedikt Vogt
illustrates the differences between the three versions:
DISRUPTIVE:
 Physician: “Do you take any medication?”
 Mr. Vogt: “I take tablets for my high cholesterol,
although I am not convinced that tablets really help.
Sometimes I forget to take them and I don't feel worse.
I only take them because my wife gets angry with me if
I don't.”
FRIENDLY:
 Physician: “Do you take any medication?”
 “I take tablets for my high cholesterol. I take them regu-
larly as you told me to and I've also been trying to fol-
low your nutritional advice.”
 Medication: Cholesterol lowering tablets.
On the last card of each VP participants were asked on
a Likert scale from 1 to 5 (1¼not at all, 5¼ very much) to
rate how likeable they found the patient. The VPs are avail-
able under an Open Source license and can be obtained
from the authors.
Concept mapping tool
To document the clinical reasoning process, we combined
the VPs with a concept mapping tool (Hege et al. 2017a,
2017b). Participants were prompted to select problems/
findings, differential diagnoses, relevant tests and treatment
options from a type-ahead list based on the Medical
Subject Heading list (MeSH 2017), to add them as nodes to
the concept map, and to draw connections between these
nodes if appropriate (Figure 1). Towards the end of the VP
scenario, participants had to submit a final diagnosis in
order to conclude the scenario, but submission was also
possible at an earlier stage. Participants were allowed to re-
submit a final diagnosis as long as it did not match with
the expert's diagnosis; after one unsuccessful try they could
also choose to be provided with the correct diagnosis. The
system was able to consider synonyms and similar entries
in all categories. When submitting a final diagnosis partici-
pants were asked to indicate their confidence with the
decision on a slider from 0% to 100%.
On the last card of the VP scenario participants could
access an expert's concept map and compare it with their
solution. The tool can be accessed at http://crt.casus.net
(guest access).
The VPs and the expert concept maps were reviewed by
experienced clinical educators (IK, JS) and were piloted
with seven medical students, who did not participate in the
main study.
In addition to this basic estimation of difficulty, we
developed a binary coding for the evaluation of the VP dif-
ficulty. If participants identified the correct final diagnosis
in the first try, it was coded as 1 (solved); if no final diagno-
sis was made or the participant needed more than one
Table 1. Overview of the six virtual patients created for the study.
Order VP Final diagnosis Disruptive version (Schmidt 2016) Level of difficulty
1 Michael Bauer Acute glomerulonephritis a patient who has low expectations of his doctor’s support 0.87 (easy)
2 Nina Sanders Graves' disease a patient who presents herself as helpless 0.56 (difficult)
3 Frank Reiter Sick sinus syndrome an aggressive patient 0.69 (easy)
4 Miray G€unal Community acquired pneumonia a ‘frequent demander’ 0.84 (easy)
5 Tim Wagemann Colon carcinoma a patient who questions the doctor’s competence 0.82 (easy)
6 Benedikt Vogt Renal stenosis a patient who ignores his doctor’s advice 0.56 (difficult)
The level of difficulty is calculated as mean of correct final diagnosis on first try over all three groups.
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attempt to correctly solve the VP, it was coded as 0 (not
solved). We then calculated the mean for each VP over all
three groups (Table 1). Thus, we identified four easy VPs
(Michael Bauer, Miray G€unal, Tim Wagemann, Frank Reiter),
and two difficult VPs (Benedikt Vogt, Nina Sanders).
Questionnaires
Participants had to complete two online questionnaires,
which were created and distributed with SurveyMonkey
(2017). Questionnaire 1 contained seven questions about
demographic data, such as age, sex, exam grades, and clin-
ical elective.
Questionnaire 2 (Supplementary Appendix 1) contained
28 questions from a usability questionnaire (System
Usability Scale 1986), a motivational questionnaire (Prenzel
et al. 1993), and a questionnaire designed to evaluate VPs
(Huwendiek et al. 2015).
Study design
After agreeing to participate, students received a unique 8-
digit pin, which was randomly assigned to one of the three
study groups and were asked to fill out questionnaire 1
before accessing the VP course (Figure 2). Participants were
given two weeks’ time to complete the tasks and could
work from home. If necessary, a short reminder was sent
two days before the deadline.
As an introduction, participants were provided with a
worked example and a short video (YouTube 2017) about
how to use the concept mapping tool. Then, the VPs were
Figure 1. Screenshot of the virtual patient Miray G€unal with the concept mapping tool on the right side.
Figure 2. Overview of the study design.
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accessible one after the other. After having completed the
six VPs, participants received the link to questionnaire 2.
Data analysis
All interactions of the participants with the virtual patient
system and the concept mapping tool were recorded with
exact timestamps in a relational database, anonymized and
exported into SPSS (Version 24, IBM Inc.) for further
analysis.
After calculating the level of difficulty of the VPs (Table
1), we compared for both levels of difficulty the three
experimental groups of participants (FRIENDLY, DISRUPTIVE,
and NOSTORY) with the dependent variables:
 mean number of tries until correct final diagnosis
(¼ diagnostic accuracy),
 mean number of nodes (problems, differential diagno-
ses, tests, and treatment options) and connections
between these nodes,
 mean time on task (measured from opening a VP until
closing it),
 mean number of requests for the correct final diagnosis
to be revealed by the system, and,
 mean level of confidence with the final diagnosis decision.
All anonymized data with a description can be provided
on request.
We used a MANOVA to test all dependent variables at
once. Alpha error was set to p< 0.05. If the MANOVA
revealed significant differences between the groups we
used Least significant difference (LSD) test for post hoc
comparison.
Funding
The project receives funding from the European Union’s
Horizon 2020 research and innovation program under the
Marie Skłodowska-Curie grant agreement No 654857. The
study is part of the doctoral thesis of AD.
Results
In the following, we will describe the results for all depend-
ent variables for both levels of VP difficulty.
Participants
A total of 46 medical students completed the study. We
could not detect any significant differences concerning the
participants’ characteristics in the three groups; they were
comparable in aspects such as age, sex and examination
grades (Table 2).
For the items in questionnaire 2, we found a signifi-
cantly higher self-estimated performance satisfaction for
group NOSTORY than for group FRIENDLY and a signifi-
cantly higher rating of the tool complexity in group
FRIENDLY, compared to group DISRUPTIVE. Additionally,
the extrinsic motivation was significantly higher for the
group FRIENDLY compared to group NOSTORY. Answers to
all other questions concerning intrinsic motivation, estima-
tion of competency and self-determination were
comparable.
The means of the most relevant questions are included
in Table 2. All questions and clustered means can be found
in Supplementary Appendix 2.
Diagnostic accuracy and level of confidence
For the four easy VPs (Table 1), participants of all groups
took about the same mean number of tries until they
found the correct final diagnosis. For the two difficult VPs,
the participants in the DISRUPTIVE and NOSTORY group
needed significantly more tries to find out the correct final
diagnosis than the FRIENDLY group (Figure 3). A MANOVA
showed that this difference is significant F(2;256)¼ 3.396;
p¼ 0.20; eta2¼ .030) with post hoc tests confirming both
differences to be significant.
For the four easy VPs, the FRIENDLY (MFRIENDLY¼ .14;
SD¼ .353) and the NOSTORY group (MNONARR¼ .17;
SD¼ .383) significantly more often gave up and requested
the system to reveal the correct final diagnosis than the
DISRUPTIVE group (M¼ .00; SD¼ .00), F(2.258)¼ 3.909;
p< 0.021; eta2¼ .029). Post hoc test confirmed that both
differences are significant.
For the easy VPs, the FRIENDLY group was significantly
less confident with their final diagnosis decision (M¼ 60.12%;
SD¼ 27.48) than both, the DISRUPTIVE (M¼ 72.85%;
SD¼ 25.76) and the NOSTORY group (M¼ 74.11%;
SD¼ 22.34). For the difficult VPs, the confidence of partici-
pants in the FRIENDLY group was higher (M¼ 68.07%;
SD¼ 24.59) and comparable to the DISRUPTIVE (M¼ 71.43%;
SD¼ 25.71) and NOSTORY group (M¼ 71.88%; SD¼ 28.04),
Table 2. Participant characteristics and exemplary answers to questionnaire 2 for the three groups.
Variable FRIENDLY (n¼ 15) DISRUPTIVE (n¼ 15) NOSTORY (n¼ 16)
Mean age 26.20 years 27.13 years 26.06 years
Sex Male: 20% (n¼ 3) Male: 33.3% (n¼ 5) Male: 31.2% (n¼ 5)
Female: 80% (n¼ 12) Female: 66.6% (n¼ 10) Female: 68.8% (n¼ 11)
Mean state examination grade M¼ 1.80 M¼ 2.03 M¼ 2.13
SD¼ 0.68 SD¼ 0.90 SD¼ 0.72
How satisfied are you with your performance? M¼ 2.33 M¼ 2.73 M¼ 2.81
SD¼ 0.62 SD¼ 0.70 SD¼ 0.66
Level of VP difficulty was appropriate M¼ 4.53 M¼ 4.67 M¼ 4.69
SD¼ 0.52 SD¼ 0.62 SD¼ 0.48
I found the clinical reasoning tool unnecessarily complex. M¼ 2.67 M¼ 1.80 M¼ 2.25
SD¼ 1.11 SD¼ 0.94 SD¼ 1.29
Learning with the VPs was a worthwhile learning experience M¼ 4.13 M¼ 4.53 M¼ 4.38
SD¼ 1.06 SD¼ 0.64 SD¼ 0.72
Extrinsic motivation M¼ 3.40 M¼ 2.93 M¼ 2.56
SD¼ 1.12 SD¼ 1.33 SD¼ 0.89
significant (p< 0.05).
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so that there was no significant difference of confidence in
difficult VPs.
Number of nodes and connections
When looking into the details of the concept maps, we
found significant differences in the number of added nodes
(problems, differential diagnoses, tests, treatment options)
between the three groups and level of difficulty (Table 3).
For easy VPs, group DISRUPTIVE added significantly more
problems, differential diagnoses, tests and treatment
options than group FRIENDLY; Group NOSTORY added less
differential diagnoses and treatment options than the
group DISRUPTIVE, but more tests than group FRIENDLY.
There was no significant difference between the three
groups for the number of connections added to the con-
cept maps.
Time on task
The time on task was significantly lower for the NOSTORY
group (M¼ 1038.10 sec, SD¼ 458.915) than for the
DISRUPTIVE group (M¼ 1375.75; SD¼ 715.49), but not sig-
nificantly lower than the FRIENDLY group (M¼ 1211.43 sec;
SD¼ 808.09), (F(1;261)¼ 5,733, eta2¼ .042) with a medium
effect size.
Likeability of patients
On a Likert scale from 1 (not at all) to 5 (very much),
participants in group FRIENDLY rated the likeability of the
patient significantly (p< 0.001) higher (M¼ 4.32; SD¼ 0.81)
compared to participants in the group NOSTORY (M¼ 3.54;
SD¼ 0.96), and DISRUPTIVE (M¼ 2.40; SD¼ 1.14).
Discussion
Our study showed that diagnostic accuracy depends on
both, the patient representation in the VP narrative and the
level of difficulty of the VP. Additionally, we found signifi-
cant differences in the structure of the concept maps,
which were more distinct in easy VPs. In the following we
will discuss the results in detail.
Level of difficulty
The level of difficulty is an important aspect of virtual
patients influencing aspects such as learners’ engagement
(Mallott et al. 2005). Reviewers, pilot testers and partici-
pants (Table 2) found the level of difficulty and covered
topics of all six VPs appropriate for final year medical stu-
dents. However, we found a significant difference in the
actual level of difficulty based on the number of attempts
needed to provide a correct final diagnosis.
VP difficulty for education or research is often assessed
as the perceived level of difficulty of students, case authors,
or educators (Botezatu et al. 2010; Georg and Zary 2014).
However, based on our findings, we see a discrepancy
between estimated and measured level of VP difficulty;
therefore, we suggest considering the actual and individual
VP difficulty as a more accurate measurement before pro-
viding VPs to learners.
Diagnostic accuracy and confidence
In difficult VPs, diagnostic accuracy was significantly lower
in the DISRUPTIVE and NOSTORY groups compared to the
FRIENDLY group (Figure 3), but we did not see any signifi-
cant differences in diagnostic accuracy for the four easy
VPs. Independent of the case difficulty, Schmidt et al.
(2017) found in residents a lower diagnostic accuracy for
disruptive paper-based cases than for neutral cases. The
results of our web-based study indicate that for final year
medical students the case difficulty has a higher influence
on diagnostic accuracy than the design of the narrative. For
easy VPs, the variation in the narrative does not influence
diagnostic accuracy, whereas in difficult VPs, diagnostic
accuracy is significantly lower when confronted with disrup-
tive patients. An explanation could be that in easy VPs
medical students can compensate the higher context com-
plexity of being confronted with a disruptive patient,
whereas for difficult VPs they are overwhelmed.
Interestingly, confidence of participants in the FRIENDLY
group was higher for difficult than for easy VPs, which
could indicate a potential overconfidence bias in difficult
VPs.
Real-world challenging encounters are much more com-
plex and emotionally distressing for both, patients and
healthcare professionals, than our virtual encounters, in
which the learner could not actively communicate with the
patient. Apart from patient-related factors (e.g. showing a
certain behavior), physician-related factors (e.g. insecurity)
and situational factors influence the situation (Lorenzetti
et al. 2013). But, even our simplified approach varying
Figure 3. Mean number of tries to submit the correct final diagnosis for the
two levels of difficulty and the three groups.  significant difference to group
FRIENDLY (p< .05).
Table 3. Mean number of the different nodes and connections for the three
groups and VP difficulty.
Difficulty Node category FRIENDLY DISRUPTVE NOSTORY Expert
Easy Problems 5.25 6.37F 5.97 7.12
Differential diagnoses 4.27 6.43F 5.03D 8.67
Tests 3.72 5.53F 4.69F 6.56
Treatment options 1.57 2.02F 1.34D 1.67
Connections 3.13 2.93 2.98 5.77
Difficult Problems 4.20 5.70F 5.84F 5.84
Differential diagnoses 5.37 6.40 5.69 10.00
Tests 4.27 6.10F 5.16 6.50
Treatment options 1.93 1.67 1.38 1.84
Connections 3.82 2.03 2.31 9.28
Fsignificantly different to group FRIENDLY, Dsignificantly different to group
DISRUPTIVE (p< 0.05).
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solely patient-related factors with relatively small differen-
ces between the friendly and disruptive behavior descrip-
tions led to medium size effects. Follow-up studies could
simulate also physician-related and situational factors and
for example explore effects of a disruptive behavior of the
healthcare professional.
Number of nodes and connections
Independent from the VP difficulty participants added sig-
nificantly more problems and tests for disruptive than for
friendly VPs. Steinmetz and Tabenkin (2001) described 12
coping strategies of family practitioners when confronted
with difficult patients; ordering tests and referring patients
is one of the strategies. Interestingly, our findings indicate
that this coping strategy seems to be also present in med-
ical students. With our study design it is not possible to
find out whether the participants also applied other coping
strategies identified by Steinmetz et al., such as empathy,
non-judgmental listening, patience or direct approach.
We can only speculate why participants added signifi-
cantly more problems for disruptive patients. It could be
that they were anxious to miss something and therefore
regarded more problems described by the patient as rele-
vant and added them to their map.
Further research, for example a combination of the VPs
with the long interview approach applied by Steinmetz
et al., is needed to find out more about the application of
coping strategies and the impact on the clinical reasoning
process.
Likeability of patients and learner motivation
As expected, participants rated the likeability of the virtual
patients higher in the friendly compared to the disruptive
version. This result is comparable with the study by
Schmidt et al. (2017) who found that average likability rat-
ings were higher for neutral than for difficult paper-based
patient cases. Likeability of the VPs without a story was
neutral. This indicates that our modifications of the narra-
tives were successful and as intended.
Surprisingly, learners in all groups equally appreciated
the virtual patients as a worthwhile learning experience
(Table 2), even if there was no patient story told and
only facts were presented. While intrinsic motivation was
comparable for all three groups, extrinsic motivation was
significantly lower for the NONSTORY group compared
to the FRIENDLY group. This finding supports current
research on narratives as gamification elements (Rowe et al.
2007; Lister et al. 2014) and indicates that telling a story
does not influence diagnostic accuracy or the clinical rea-
soning process, but can increase student’s extrinsic
motivation.
Time on task
As expected, time on task was lower for the group, who
worked on the VPs without a patient story (group
NOSTORY). These VPs contained significantly less text and
were focused on facts, thus, participants needed less time
for reading. Time on task was not significantly different
between the group DISRUPTIVE and FRIENDLY, which repli-
cates a finding of Schmidt et al. (2017).
Limitations
We are aware that our study has some limitations. First,
since participants received a monetary compensation, there
is a potential motivational bias. However, we can assume
that this bias is comparable for the three groups. Second,
our study involved only final-year medical students at one
institution. Therefore, it is unclear to which extent our find-
ings apply to less experienced students or students from
other medical schools. Third, similar to the study by
Schmidt et al. (2017) we cannot exclude that the difficult
behavior may have been interpreted as symptoms associ-
ated with other diagnoses. Although we paid special atten-
tion to this aspect when creating and testing the VPs, a
further in-depth qualitative analysis of the concept maps is
needed to explore this effect.
Conclusions
Our study shows that telling a story is important to
enhance extrinsic motivation of learners.
When creating cases or VPs for healthcare education or
research studies, the actual level of difficulty needs to be
carefully considered since it influences the clinical reason-
ing process of medical students more than the design of
the VP narrative. Moreover, the patient presentation
(friendly vs disruptive) influences the clinical reasoning pro-
cess and needs to be carefully designed depending on the
case difficulty, intended learning objectives and level of
learners’ expertise. Patients showing a disruptive behavior
will most likely be part of students' future workplace and
carefully designed and integrated VPs can help to prepare
students for such situations and raise awareness of the
potential effects on their clinical reasoning.
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Glossary
Concept mapping: Is a tool for knowledge organization and
representation and is an approach applied in healthcare educa-
tion. Concept maps are graphical representations with which
learners visualize their understanding of a concept. Elements of
a concept map are so-called nodes (i.e. the concepts) and con-
nections (i.e. relations) between these nodes.
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